. Simple method to determine the efficiency of a cream used for skin protection against solvents. Most of the industrial organic solvents coming into contact with the skin are absorbed through it and enter the blood. They can then be detected in the breath, the analysis of which makes it easy to evaluate skin absorption. Such an evaluation can be made with and without the use of a skin protective (barrier) cream. A comparison of the results allows the efficiency of the cream to be tested.
industrial hygienist to decide whether a cream is appropriate or not. The development of an easy test appeared therefore to be very useful.
Contact between skin and solvent creates physical and chemical reactions which can result in the penetration of the solvent through the skin. Absorption takes place through both the hair follicles and the intervening skin (Cooke, 1966) . Some degree of lipid solubility is necessary for the solvent to penetrate the cell membrane, and the lipid-water distribution coefficient is in general an indication of the capacity for diffusion through the cell (Cooke, 1966) . Consequently the solvent can enter the blood and be carried in the circulatory system. In the lungs the equilibrium existing between the concentration of the solvent in the blood and its concentration in alveolar air, according to Henry's law, makes it possible to detect the solvent in the breath. This is an easy way to evaluate absorption through the skin (Stewart and Dodd, 1964) .
Dermatosis or irritation of the skin are closely related to percutaneous absorption since both may occur when contact between skin and solvent is established. The method developed in this study consists in comparing the absorption ofa solventwhen the skin of the hands is protected with a barrier cream and when it is not. The cream tested and the solvent were chosen because of their large-scale use in printing shops.
Surveys have shown that ventilation in these shops was in general well designed and that exposure to toluene was chiefly due to skin contact. Moreover, in the printing industry the workmen very frequently use the same solvent that is employed for other operations (cleaning the machinery, diluting the inks, etc.) to remove inks and dyes from their hands. It was therefore very important to know if the protective cream used here acted as an efficient barrier.
Materials and methods

Skin exposure
Ten male volunteers (laboratory staff) 21 to 56 years of age, whose hands were free from cuts or any skin abnormalities, exposed their hands to pure liquid toluene for 10 minutes. The solvent was purchased from Merck (Darmstadt, Germany) and its purity was controlled by gas chromatography (G.C.). A simple geometrical estimation was made of the area of skin exposed. Both hands were immersed up to the wrist in large vials whose tops were closed by a sheet of rubber (1 mm thick) with two holes adjusted to the volunteers' forearms. This was to prevent toluene vapours from escaping from the vials. To avoid any lung exposure, masks with activated charcoal filters (model Comfo, MSA USA) were worn during the whole exposure.
At the end of the exposure the hands were washed thoroughly with soap and water and treated with an appropriate paste to soothe the skin. Results Table 1 gives the scheme of experiments, with the volunteers' body parameters. Repeated exposurewith bare hands showed good reproducibility. Typical curves of elimination are shown (Fig. 1) . It should be noted that in some cases the concentration of toluene in alveolar air continues to increase after the end of exposure. This is probably due to physiological properties of the skin. Only three of the 10 subjects showed this phenomenon. The difference in the barrier action of the cream is quite obvious from these charts; a deep application is necessary to obtain the maximum protection. In both cases the skin absorption appears to be much lower when the hands are protected.
All the results relating to the absorption of toluene through the unprotected skin are shown in Figure 2 . Individual differences are not very marked, which may be due to a certain uniformity in the absorption rate of toluene in this population.
The results relating to the exposure of protected hands have a larger dispersion of values because the methods of application of the cream are not similar and because the error in the determination of lower toluene concentrations is more important.
Overall results suggest that the cream was effective in preventing toluene absorption. However, a value has to be given to this efficiency in order to compare it with others. Calculations of the regression lines corresponding to all the results with both unprotected and protected skin are shown graphically in Figure 3 . It is interesting to note that the slopes of both curves are similar (p < 0'001). This tends to show that the rate of exponential elimination is independent of the initial concentrations of the solvent. Numerical results are reported in Table 2 .
The distance between the two parallel regression lines was chosen to represent the efficiency of the 100% would represent the case where SI, = 0, i.e., if no toluene could be detected in the breath after exposure of protected skin.
The factor A (concentration of toluene at time zero) was chosen as an index of each individual skin absorption. We attempted to correlate this absorption with other individual parameters, such as age, body weight, height, the quotient weight/height, and the surface area of the hands, to verify whether one of them could be of value in skin absorption. No correlation was found. This fact shows that skin absorption is probably dependent on other factors, such as the type of exposed skin, thickness, vascularity, etc.
It is interesting to compare the elimination of toluene when it is absorbed through the lungs and when it is absorbed through the skin. The mean curve in Fig. 2 is drawn in Fig. 4 in comparison with a curve obtained from Sato and Fujiwara's (1972) results showing the alveolar elimination of toluene after exposure to 100 ppm for 2 hours at rest. % I.. (Sato and Fujiwara, 1972 (Dutkiewicz and Tyras, 1967) .
According to Stewart and Dodd (1964) , ' an estimate of the amount of solvent entering the body through the skin can be made by comparing the postabsorption alveolar breath "decay" curves with "decay" curves obtained following controlled human exposures to known vapour concentrations of the same solvent'. This is true for the solvents that are not transformed in the body (e.g., some halogenated hydrocarbons or anaesthetic agents) but for the others it has been demonstrated (Dutkiewicz and Tyras, 1967) that the metabolic fate of compounds after lung and skin absorption is sometimes tremendously different. This fate is not known for toluene and it is therefore not justifiable to compare the decay curves in order to calculate the absorption rate of liquid toluene through the skin of the hands.
The value of this rate has been found by a direct method to vary between 14 and 23 mg/cm2/hr (Dutkiewicz and Tyras, 1968) . These data were confirmed in our laboratory. It is possible to calculate from these values the average amount of toluene which entered the body of the subjects when their hands were exposed without any protection. It should be assumed that the absorption rate is not influenced by the surface area exposed.
The calculated amount is 2050 mg to 3 370 mg for a mean surface area of both hands of 880 cm2 and an exposure of 10 minutes. In comparison, a calculation of the amount of toluene absorbed through the lungs during an exposure of 2 hours to 100 ppm can be made by using Piotrowski's (1967) data. Assuming a mean retention of 70 % and a mean alveolar breath flow of 260 l/hr, the amount retained would be less than one-tenth of the amount absorbed through the skin. But the postabsorption decay curves show unexpectedly that elimination is much greater after lung exposure (Fig. 4) . This could be explained by two hypotheses. The first would be, as already mentioned above, that toluene is metabolized in a different proportion, according to the mode of absorption, as is the case for styrene and ethylbenzene (Dutkiewicz and Tyras, 1967) . If this is true, the elimination of toluene in the breath would also be different for each kind of penetration. Absorption through the lungs is rapid because of the large surface area available for solvent penetration and the relative thinness of this tissue barrier as contrasted with that of the skin (Stewart and Dodd, 1964) . In one case toluene is absorbed as a vapour diluted in the air and in the other as a pure liquid solvent. There is also a very marked difference between the duration of exposure and probably between the partition coefficients blood-air and blood-lipid. All these facts may be important in the metabolization rate of toluene.
The second hypothesis would be that the assumption of a uniform absorption rate independent of the exposed surface area is not justified. The data employed to calculate the total amount absorbed through the skin (Dutkiewicz and Tyras, 1968) In this study the mathematical estimation of the excretion curves was done in a very simple way because a more sophisticated approach was not necessary for our purpose. It was shown for nitrous oxide (Frumin, Salanitre, and Rackow, 1961) and for benzene and toluene (Sato and Fujiwara, 1972) that the excretion curves can be graphically resolved into three exponential components. According to Piotrowski (1971) , the mathematical analysis of the excretion rate may be a criterion for determining the number of metabolic compartments of a substance. The number of states in which a substance exists is obtained from the number of phases of the experimental exponential curve. But, whatever relationship each exponential may have to a particular single group of body compartments cannot be reliably evaluated with the data obtained (Frumin et al., 1961) . This method of studying metabolic and excretion kinetics of solvents appeared to be very promising, and more research and comprehensive data are still needed.
